Introduction
In recent years, there has been increasing interest in the trace determination of selenium in biological samples due to the importance of this element as both an essential and a toxic substance. The element has been recognized as an essential nutrient for humans based on its presence in the enzyme glutathione peroxidase, which affords cells protection against oxidative damage. 1,2 The recommended daily dietary allowances of selenium for woman and men are 55 mg and 70 mg per body, respectively. 3 But at higher concentrations selenium is toxic. 1 Because of the biological importance of selenium in living biological systems, several analytical techniques have been applied to the determination of selenium in biological samples. The most important are fluorometry, polarography, voltammetry, hydride generation and graphite furnace atomic absorption spectrometry, mass spectrometry and neutron activation analysis. These methods have been reviewed. [4] [5] [6] [7] [8] The hydride generation atomic absorption spectrometry (HGAAS) was usually used for the determination of selenium in urine with a relatively high sensitivity. 9, 10 In our previous work, derivative atomic absorption spectrometry (D-AAS) was achieved by combining a laboratory-made derivative measurement system with an atomic absorption spectrometer. The sensitivity and detection limit were improved 50-and 10-fold, respectively, compared with those of conventional FAAS. 11 Several methods have been developed for the direct determination of Pb and Cd in urine, Cd in waters, vegetables and flour, Pb in water and liqueurs by combining the D-AAS with atomtrapping technique. [12] [13] [14] [15] [16] The sensitivity was 2 -3 orders of magnitude higher than that of conventional FAAS. The derivative AAS has been used to determine mercury in cosmetic samples with a much higher sensitivity than is available with conventional cold-vapor atomic absorption spectrometry. 17 The main purpose of this paper is to establish a new method by combining the derivative measurement system with hydride generation technique (D-HGAAS) for the determination of trace selenium in urine with satisfactory sensitivity and precision.
Experimental

Apparatus
A WFX-YL1 atomic absorption spectrometer (Beijing LanGuang Analytical Instrument Factory, Beijing, China) equipped with a selenium hollow cathode lamp (General Research Institute of Non-Ferrous Metals, Beijing, China) and hydride generation system was employed for the measurement of the absorbance. A spectral slit width of 0.2 nm was used to isolate the 204.0 nm resonance line. The laboratory-made derivative system was connected between the atomic absorption spectrometer and a double-pen recorder. The derivative and conventional atomic absorption signals were recorded simultaneously with the double-pen recorder at the 10 mV range. The measurement system is illustrated in Fig. 1 .
Reagents
A selenium stock solution, containing 1000 mg L -1 selenium, was prepared by dissolving 1.000 g of high purity selenium in concentrated nitric acid and diluting to 1000 mL with 10% HCl. Potassium tetrahydroborate solution (1% v/v) was prepared by dissolving 1 g of KBH4 in 100 mL of sodium hydroxide (1%) before use.
Analytical reagent grade chemicals and sub-boiling distilled water were used throughout this work.
Analytical procedure
Pipette 5 mL of the sample solution (containing 3 mol L -1 HCl) into the generation flask. Then, adjust the carrier flow rate (Ar) to 600 mL min -1 . A 0.5 mL portion of 1% KBH4 solution as a reductant solution was injected by peristaltic pump into the hydride generator. The generated hydrides were transferred into the absorption cell by an argon flow. The conventional and derivative signals were recorded simultaneously by the doublepen recorder. 
Sample treatment
Urine samples of 100 mL each were digested in beakers on an electric hot-plate with the consecutive addition of 20 mL of concentrated HNO3 and 10 mL of HClO4. The samples were digested for about 1 h until the appearance of white crystals, then the excess of HNO3 was removed by heating. The beaker was removed and cooled down. Residues were dissolved with 10 mL of 1% HNO3 and diluted to 100 mL with sub-boiling distilled water for analysis.
Results and Discussion
Characteristic of derivative signal
The derivative measurement system consists of a magnification and a differential unit. The output signal has a rigorous derivative relation with the input ones. The output signal of the system will stay on the base-line when the variation of the input signal is zero, and when the variation of the input signal is not zero, there is a corresponding polar output which is in direct relation to the variation of the input signal.
The absorption signals of conventional and derivative HGAAS recorded by a double-pen recorder are shown in Fig. 2 .
As shown in Fig. 2 , the absorption signal of conventional HGAAS is a signal pulse, and the signal of derivative HGAAS consists of two parts, an up peak and down peak, which correspond to the growth and decay sides of the conventional signal, respectively. Peak measurements were used throughout the experiments and the total height of the up and down peaks, which is in direct proportion to the concentration of selenium according to our experimental results, was considered as the absorbance for derivative HGAAS.
Effect of atomization temperature
The temperature inside the central section of the electrically heated quartz tube was measured using a thermocouple to observe the effect of the tube temperature on the sensitivity. The results indicated that selenium began to be atomized at 500˚C. When the temperature was above 750˚C, the derivative absorbance no longer varies obviously with the change of temperature. The temperature of 750˚C was selected for atomization in our test.
Effect of carrier gas flow rate
The influence of argon flow rate on the derivative absorbance of selenium was investigated. The argon flow was used to transfer generated hydrides from the reaction cell to the absorption cell. Both the conventional absorbance and the derivative absorbance of selenium were affected by the argon flow rate. The spectral shape of conventional HGAAS became sharper as the argon flow rate increased, but too high argon flow rate led to sensitivity decline because of the dilution of SeH2 by the carrier gas. The derivative absorbance was increased with increasing argon flow rate from 200 mL min -1 to 600 mL min -1 , and decreased when argon flow rate was higher than 600 mL min -1 because of the dilution of selenium atoms by the carrier gas. In later experiments, a 600 mL min -1 of carrier gas flow rate was selected.
Effect of acidity condition
The signals of Se were constant and stronger in the range of 0.5 -3 mol L -1 HCl. A 3 mol L -1 of HCl was used in our test.
Effect of derivative sensitivity range setting
The output signal of the spectrometer was magnified and then differentiated by the derivative measurement system. There were five sensitivity ranges: 2, 5, 10, 20 and 50 mV min -1 corresponding to different amounts of amplification. To examine the influence of the sensitivity ranges on the sensitivity of D-HGAAS, the derivative signals were measured using the different sensitivity ranges with Se standard solution. The derivative absorbance measured at 20, 10 and 5 mV min -1 with a 5 µg L -1 of Se solution were 0.107, 0.210 and 0.412, respectively, and 0.423 at 2 mV min -1 with a 2 µg L -1 Se solution. The results show that the smaller the number of derivative sensitivity ranges (i.e., the higher the amplification), the higher is the derivative absorption signal with the same Se solution. The derivative sensitivity range could be selected based on the concentration of the analyte.
Linearity of D-HGAAS
The linear regression equations and correlation coefficients of derivative HGAAS at different sensitivity ranges for selenium are listed in Table 1 . The linear range for Se was 0 -150 µg L -1 .
Ratio of signal to noise (S/N)
As the reciprocal sensitivity of a given element is usually by no means the lowest concentration that can be determined, scale expansion should be used to measure such concentrations but with a lower S/N. Under the same instrument parameters, we 604 ANALYTICAL SCIENCES MAY 2002, VOL. 18 Se solution, the results are shown in Table 2 .
The results state clearly that the D-HGAAS is a sensitive method with high S/N.
Sensitivity, detection limit and precision
The sensitivity for the proposed derivative HGAAS is defined as the concentration of analyte that produces a peak absorbance of 0.0044, and the detection limit is defined as the concentration corresponding to triple value of the standard deviation of the blank. The sensitivity, detection limit and precision for selenium are listed in Table 3 .
The sensitivities of D-HAAS are improved by 3.6, 6.6, 13.1, and 51.0 fold, and the detection limits were improved 2.2, 3.0, 5.3, 21 times beyond those of HGAAS at 20, 10, 5 and 2 mV min -1 sensitivity range setting, respectively. The derivative HGAAS has a good precision. The relative standard deviations are 2.2 -2.4% at different derivative range settings.
Sample analysis
The slopes of the calibration curve obtained with aqueous standard solutions and standard additions are almost identical. Therefore, the aqueous standard calibration was used in the determination of Se in the urine samples of students. Recoveries of selenium are summarized in Table 4 . The content of Se in urine are shown in Table 5 .
Conclusions
The derivative HGAAS technique significantly improved the sensitivity and detection limit compared with HGAAS for the determination of Se. The proposed method is possible for the routine determination of trace selenium in urine samples without preconcentration and with the advantages of simplicity, speed, less risk of contamination and less cost. Recovery, % 
